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Laparoscopic-assisted abdominal aortic
aneurysmectomy
John J. Castronuovo, Jr, MD, Kevin V. James, MD, Michael Resnikoff, MD,
Edward R. McLean, MD, and John K. Edoga, MD, Morristown, NJ
Purpose: The technical elements and early results of laparoscopic-assisted abdominal aor-
tic aneurysmectomy are described.
Methods: From February 1997 to May 1999, 60 patients underwent elective laparoscop-
ic surgery for infrarenal abdominal aortic aneurysm. Patients ranged in age from 53 to
87 years (mean age, 70.6 years). The mean aneurysm size was 5.7 cm (range, 4.4-8.0
cm). All patients underwent aortography and computed tomography scanning preoper-
atively. Patients were not deemed candidates for the procedure when visceral arterial
abnormalities requiring surgical treatment were present or an aortic aneurysm neck
shorter than 0.5 cm was found. A risk-stratification system was used as a means of quan-
titating risk factors and excluding high-risk patients. Aortic reconstruction was per-
formed with retroperitoneal laparoscopy, with the patient in a modified right lateral
decubitus position. An Endo TA 30 and an Endo TA 60 laparoscopic staplers (US
Surgical, Norwalk, Conn) were used in occluding the common iliac arteries and
aneurysm sac. Laparoscopic hemoclips were used as a means of occluding the lumbar
arteries and other branches of the aneurysm sac. An aortobifemoral or aortobi-iliac
bypass grafting procedure was performed by means of the laparoscope to position the
graft and visualize the end-to-end aorta-to-graft anastomosis, with distal anastomoses
performed through counter incisions.
Results: Three patients died within 30 days of surgery (mortality rate, 5.0%).
Complications included left ureteral injury (1), postoperative myocardial infarction (1),
ileofemoral deep venous thrombosis (1), acute renal failure (2), colon ischemia (1), and
infected graft limb requiring revision (1). The mean operative time was 7.7 hours, and
the mean aortic cross-clamping time was 112 minutes. Compared with a contemporary
consecutive series of 100 patients undergoing open transabdominal or retroperitoneal
aneurysmectomy performed by the same group of surgeons, the laparoscopic patients
had decreased length of stays in the intensive care unit and the hospital, with less need
for ventilator support, earlier resumption of a regular diet, and an earlier return to nor-
mal activity. At the follow-up examinations, all bypass grafts were patent.
Conclusion: Laparoscopic-assisted aneurysmectomy is safe and effective and can be per-
formed with good results. The longer operation time required is well tolerated in
patients who are at good and moderate risk. Prior training in laparoscopic aortic surgery
is necessary for surgeons to obtain the required level of expertise needed to perform
these procedures. With these caveats, the results of our study suggest that laparoscopic-
assisted aortic aneurysmectomy is appropriate for moderate-to-good risk (American
Society of Anesthesiologists class of III or lower) operative candidates meeting standard
criteria for aneurysm resection in whom preoperative computed tomography scan and
biplane arteriography demonstrate a proximal aneurysm neck of 0.5 cm or larger and no
need for visceral or internal iliac artery reconstruction. A randomized trial would be
required to confirm the benefits of this procedure over open aneurysmectomy. (J Vasc
Surg 2000;32:224-33.)
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Retroperitoneal laparoscopic dissection of the
aorta entails its exposure from the superior mesen-
teric artery to the iliac bifurcation. Laparoscopic-
assisted aortic aneurysmectomy can then be per-
formed. This technique is based on the principles of
aneurysmectomy described by Corson and Shah.1,2
We initially believed that laparoscopic-assisted
aneurysmectomy could be applied to patients at high
risk. We reported our initial experience in 22 patients
and our observation that, despite the minimally inva-
sive nature of this procedure, it did not favorably influ-
ence the outcome in patients who are at high risk.3
There is a reduction in tissue dissection with the
laparoscopic approach; there is also prolongation of
operative and cross-clamp times. We excluded patients
who were at high risk after two recorded deaths in the
first 12 patients, because we believed prolonged oper-
ative and cross-clamp times may have resulted in the
multisystem organ failure seen in the second death.
A consecutive prospective evaluation of laparo-
scopic-assisted aneurysmectomy was performed in 60
patients who met the criteria of having an infrarenal
aortic aneurysm that was 5.0 cm or greater in diam-
eter or that was seen to have increased in size by 0.5
cm with a serial computed tomography (CT) scan or
ultrasound scanning examination.
METHODS
From February 1997 to May 1999, 60 patients
consecutively underwent laparoscopic-assisted aortic
aneurysmectomy for infrarenal abdominal aortic
aneurysm at Morristown Memorial Hospital. A reg-
istry was created, based on the recommendations of
a panel of vascular surgeons assembled from outside
our institution, to review the results of the new pro-
cedure. Data from medical records and office charts
were used in addition to this registry as the basis for
this report.
After the first 12 patients underwent laparoscop-
ic-assisted aneurysmectomy, patients were stratified
by means of operative risk, and patients at high risk
Fig 1. Modified right lateral decubitus position of the patient for laparoscopic-assisted abdominal aor-
tic aneurysmectomy.
Fig 2. The five operating ports for the laparoscopic por-
tion of the procedure. (The laparoscopic port and the kid-
ney retractor port are connected for the open portion of
the procedure, when the laparoscope is redirected through
the counter incision made to expose the external iliac or
femoral artery.)
were excluded. During this study, 24 patients were
considered to be at high risk after cardiac, respirato-
ry, and renal evaluations.7 A retrospective review of
a contemporary series of 100 consecutive patients
undergoing open aneurysmectomy at our institution
was used as a means of comparing mortality and
morbidity rates.3
Clinical material. The patients ranged in age
from 53 to 87 years, with a mean age of 70.6 years.
The mean aneurysm size was 5.7 cm (range, 4.4-8.0
cm). Patients with an aortic aneurysm neck less than
0.5 cm in diameter were excluded from considera-
tion for laparoscopic-assisted aortic aneurysmecto-
my. Seven patients with aneurysms less than 4.5 cm
in diameter were demonstrated to have aneurysms
increasing in size more than 0.5 cm by means of ser-
ial CT or ultrasound scanning. The study included
51 men and nine women. Aortoiliac or aortofemoral
bypass grafting was performed by the use of a bifur-
cated woven Dacron graft (Gelsoft, Sulzer-Vascutek
USA, Inc, Austin, Tex). A 48-in Prolene suture was
required (Ethicon, Somerville, NJ) for the laparo-
scopic-assisted aortic anastomosis.
Risk assessment. In addition to American
Society of Anesthesiologist (ASA) classification,
patients with abnormal results on the cardiac evalu-
ation underwent thallium nuclear stress tests and
multigated acquisition scans or two-dimensional
echocardiography. Patients with evidence of renal
insufficiency were examined with a creatinine clear-
ance determination, and patients with signs or symp-
toms of respiratory insufficiency underwent pul-
monary function tests, including room air arterial
blood gases. Patients at high risk were excluded
because of significantly abnormal cardiac, renal, or
pulmonary test results. Only 10% of patients (six of
60 patients) undergoing laparoscopic-assisted
aneurysmectomy were ASA class IV; 90% of patients
(54 of 60 patients) were ASA class III or lower.
Technique. All patients selected for laparoscopic-
assisted aortic aneurysmectomy underwent preopera-
tive biplane aortography as a means of evaluating vis-
ceral vessels and lumbar arteries and the configuration
of the iliac arteries and aorta. Patients selected for
laparoscopic aneurysmectomy were positioned in a
modified right lateral decubitus position (Fig 1). Gel
pads and a suction bean bag were used to aid in the
positioning of the patient. The left arm was padded
and elevated on a rest above the head. A kidney rest
was not used. Initial retroperitoneal access was gained
through a 1.5-cm muscle-splitting incision in the left
flank, just posterior to the anterior axillary line, mid-
way between the costal margin and the iliac crest (Fig
2). Finger dissection was carried to the psoas muscle,
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Table I. Mortality and major morbidity of laparoscopic-assisted aneurysmectomy, compared with a contem-
porary series of 100 consecutive open aneurysmectomies
Laparoscopic-assisted aneurysmectomy (N = 60) Open aneurysmectomy (N = 100)
n (%) n (%)
Deaths 3 (5) 4 (4)
Respiratory insufficiency 2 (3.3) 7 (7)
Renal insufficiency 1 (1.7) 11 (11)
Paraparesis 1 (1.7) 1 (1)
Ureteral injury 1 (1.7) 0
Graft limb thrombosis 1 (1.7) 2 (2)
Infection (C difficile colitis) 1 (1.7) 6 (6)
Deep venous thrombosis 1 (1.7) 1 (1)
Table II. Results of operation
Contemporary consecutive series of patients
Laparoscopy aneurysmectomy undergoing open aneurysmectomy 
(N = 60) (N = 100)
Mean (range) Mean (range)
Length of operation (h) 7.7 (1.5 to 11.5) 5.0 (2.6 to 9.7)
Cross-clamp time (min) 112 (43 to 286) 90 (38 to 235)
ICU length of stay (d) 2.4 (1 to 25) 3.3 (0 to 17)
Ventilator support (d) 0.8 (0 to 19) 2.2 (0 to 38)
NPO postoperatively (d) 1.8 (1 to 19) 5.4 (1 to 77)
Hospital length of stay (d) 6.3 (1 to 25) 10.2 (2 to 83)
ICU, Intensive care unit; NPO, nothing by mouth.
after which a balloon dissector (OMS-PDBS2, Origin
Medsystems, Menlo Park, Calif) was inserted. After
visualization of the ureter, the balloon was removed,
and the retroperitoneum was insufflated with CO2 to
a maximum pressure of 15 mm Hg. The insertion of
subsequent trocars was carried out by means of video-
scopic observation. The main operating ports were
inserted next, followed by the insertion of the left kid-
ney retraction port and the aortic cross-clamp port.
The two operating laparoscopic trocar ports were
placed above the iliac crest. A 15-mm port was placed
in the original left flank incision and was used for the
camera and the laparoscopic stapling devices
(Laparoscopic TA 30 [iliac] and TA 60 [aorta], US
Surgical, Norwalk, Conn). A kidney retraction port
was placed below the costal margin in the anterior
axillary line. The aortic cross-clamp was introduced
via a puncture wound in the 10th intercostal space in
the posterior axillary line. A special aortic clamp was
required (9909-912-13, Scanlan International, St
Paul, Minn). The iliac arteries were stapled with the
Endo TA stapling device before the placement of the
aortic cross-clamp to minimize the risk of distal
embolization. Lumbar and other side branches origi-
nating from the aortic aneurysm sac were identified
and clipped laparoscopically. Postprocedure perito-
neoscopy was performed through a supraumbilical
port to examine the bowel and spleen.
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Fig 3. A, Laparoscopic exposure of the aortic bifurcation. B, A labeled schematic drawing of the same
view.
A
B
Vascular dissection was begun at the level of the
common iliac artery with the identification of the
ureter, and both the right and the left common iliac
artery were dissected circumferentially, with care being
taken to avoid injury to the iliac veins (Fig 3, A and B).
The left kidney was then mobilized, rotated, and held
medially with an inflatable laparoscopic retractor
(Extra Hand, Guidant, Menlo Park, Calif). The
juxtarenal portion of the aorta and aneurysm neck was
then dissected (Fig 4, A and B). This portion of the
dissection required clipping and the division of the
lumbar tributary of the left renal vein. After the iden-
tification of the left renal artery, the proximal 2 cm of
the aneurysm was freed (Fig 5, A and B).
Right and left oblique abdominal incisions were
made to expose the external iliac arteries retroperi-
toneally, or groin incisions were made for femoral
anastomosis when iliac occlusive disease was present.
The left incision was used to carry the graft
retroperitoneally within a plastic tube to the aorta
for the proximal anastomosis. A Penrose drain was
led from the right incision to the area of aortic dis-
section and was used to carry the right limb of the
aortic graft to the distal anastomotic site. After the
stapling of the common iliac arteries and the appli-
cation of the cross-clamp to the aortic neck, the
aneurysm sac became floppy and could be easily and
safely maneuvered to seek and ligate any remaining
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Fig 4. A, Laparoscopic exposure of the aortic neck. B, A labeled schematic drawing of the same view.
A
B
lumbar branches. The aneurysm sac was partially
opened and evacuated. Continued bleeding from
the aneurysm sac beyond the usual initial flash of
blood was indicative of a missed lumbar branch,
which should be sought out and clipped. A portion
of the aneurysm adjacent to the neck may be
excised, and the remaining collapsed sac was closed
with a laparoscopic TA 60 stapling device (US
Surgical). We have found that excising a portion of
the aneurysm sac near the neck greatly facilitates the
laparoscopic suturing required for the proximal
aorta-to-graft anastomosis, especially when the
aneurysm sac is very large or buckled to the left (Fig
6, A and B). Early in our experience, the aortic anas-
tomosis was performed with interrupted mattress
sutures, because this technique lends itself to laparo-
scopic suturing and thus can be performed with the
retroperitoneum insufflated. The lengthy nature of
this technique has led us to recommend that the
anastomosis be carried out in a running fashion with
laparoscopic visualization with standard instruments
through a small incision created by connecting the
laparoscopic and kidney retraction ports; this results
in a 3- to 4-cm incision. This phase of the procedure
was gasless. The retroperitoneum was deflated, and
the laparoscope was reinserted through the trocar
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Fig 5. A, Juxtarenal aorta and left renal artery, as seen laparoscopically before cross-clamping. B, A
labeled schematic drawing of the same view.
A
B
site just anterior to the left iliac crest to visualize the
anastomosis laparoscopically. Fig 7 shows the laparo-
scopic-assisted portion of the procedure completed.
Distal anastomoses were performed to the femoral
or external iliac arteries through counter-incisions
over these vessels.
All patients except one (who had a clotting dis-
order) were systemically heparinized before aortic
cross-clamping. The absence of flow within the
aneurysm sac was documented intraoperatively with
color duplex scanning, or alternatively, the sac was
opened to confirm that there was no flow within it
and then sutured closed.
RESULTS
The overall 30-day mortality rate was 5.0% (3 of
60 patients). The first death that occurred was caused
by sepsis and multisystem organ failure after
Clostridium difficile colitis developed in the patient.
After this patient was offered laparoscopic-assisted
aneurysmectomy, the decision was made to exclude
patients who were at high risk. The patient had renal
failure, malnutrition, anemia, and respiratory insuffi-
ciency preoperatively and was categorized to be in
ASA class IV. A second patient died of cardiogenic
shock caused by a massive intraoperative myocardial
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Fig 6. A, Proximal anastomosis carried out with laparoscopic visualization. Note the clips on the divid-
ed lumbar tributary of the left renal vein. B, A labeled schematic drawing of the same view.
A
B
infarction. The third patient who died required reop-
eration for bleeding at the aortic anastomosis. After
the reoperation, respiratory and renal insufficiency
developed, and eventually the decision was made with
the family to discontinue support on postoperative
day 27.
The postoperative complications for laparoscop-
ic-assisted aneurysmectomy are shown in Table I.
The nonfatal major complication rate was 13%.
Postoperative worsening of renal function developed
in one patient, and hemodialysis was required. Two
patients required ventilator support for 4 and 9 days
postoperatively. One patient had a wound infection.
One patient had paraparesis caused by ischemic
peripheral neuropathy. In one patient, the right limb
of the aortic bypass graft thrombosed, requiring
thrombectomy. His operation was performed with-
out heparinization because of a known coagulopa-
thy. One patient had caval and ileofemoral deep
venous thrombosis, and one patient had an avulsion
injury to the ureter from retraction. The complica-
tion-free survival rate in the 60 patients who under-
went laparoscopic-assisted aneurysmectomy was
82% (49 of 60 patients).
Three of the patients had the retroperitoneal
incision extended and were converted to open
aneurysmectomy. In two of these patients, the rea-
son for the conversion was bleeding from renal or
lumbar vessels. The third patient was converted to
open aneurysmectomy because the visualization of
the operative field afforded by means of the laparo-
scope could not be correlated with the preoperative
angiogram. Because the arterial anatomy could not
be identified, it was necessary to convert to an open
procedure.
The results of the operations are shown in Table
II, which compares the results of laparoscopic-assist-
ed aneurysmectomy with our results in a contempo-
rary consecutive series of 100 patients who under-
went traditional open aneurysmectomy performed
by the same surgeons at our institution. The mean
length of operation was 7.7 hours (range, 1.5-11.5
hours), and the mean aortic cross-clamp time was
112 minutes (range, 43-286 minutes). The mean
aortic cross-clamp time decreased to 95 minutes in
the last 24 patients. The mean estimated blood 
loss for patients undergoing laparoscopic-assisted
aneurysmectomy was 1490 mL, and for patients
undergoing open aneurysmectomy it was 1387 mL.
The mean length of stay in the intensive care unit for
patients undergoing open aneurysmectomy was 3.3
days (range, 0-17 days), and it was 2.4 days (range,
1-25 days) for patients who underwent laparoscop-
ic-assisted aortic aneurysmectomy. The number of
days on ventilatory support was 0.8 days (range, 0-
9 days) for open aneurysmectomy and 2.2 days
(range, 0-38 days) for laparoscopic-assisted aneurys-
mectomy. The mean duration of ileus was 1.8 days
(range, 1-19 days) for the laparoscopic procedure,
compared with 5.4 days (range, 1-77 days) for open
aneurysmectomy. The mean length of hospital stay
was 6.3 days (range, 1-25 days) for patients who
underwent laparoscopic-assisted aneurysmectomy
and 10.2 days (range, 2-83 days) for patients who
underwent open aneurysmectomy. Sixty-six percent
of patients who had laparoscopic-assisted aneurys-
mectomy stayed in the hospital 5 or fewer days.
DISCUSSION
The 5% mortality rate of laparoscopic-assisted
aneurysmectomy is comparable with that for open
repair. Excluding one patient who was at high risk
and who, in retrospect, should not have been
offered the procedure, the 30-day mortality rate was
3.4%, with only one death in the last 48 patients. In
1989, Johnston4 reported results from a prospective
multicenter study of nonruptured aneurysms and
found an operative mortality rate of 4.8%. Ernst5
pooled data from several studies and reported a 3.5%
mortality rate for routine repair of nonruptured
aneurysms (range, 1.5%-5.1%). In our contemporary
consecutive series of 100 open aneurysmectomies,
we found a mortality rate of 4%.3
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Fig 7. Schematic representation of the completed laparo-
scopic-assisted portion of the procedure. Distal anasto-
moses of the graft are carried out subsequently through
counter incisions performed at the femoral or iliac level.
A comprehensive cost analysis was not per-
formed. A representative sample of costs was
obtained for patients undergoing aneurysmectomy
in the first quarter of 1998. In this quarter, 11 tra-
ditional open aneurysmectomies and seven laparo-
scopic-assisted aortic aneurysmectomies were per-
formed. The average cost for the open group was
$7081, and the average cost was $5601 for the
laparoscopic group. These data are not available for
the entire series, but we believe, because of this sam-
ple of financial data, that the savings generated by
laparoscopic-assisted aortic aneurysmectomy are
related to a decreased length of stay, but are dimin-
ished by the increased costs of operative equipment
and the longer operative time.
The late results of laparoscopic-assisted aneurys-
mectomy can be expected to be comparable with
those reported by Resnikoff et al,6 because our
laparoscopic aneurysmectomy technique duplicates
the technique of proximal and distal ligation of the
aneurysm sac with aortic bypass grafting in the man-
ner first reported by Corson et al.1 We had one
death (2.1%) in the last 48 consecutive patients who
underwent laparoscopic-assisted aneurysmectomy.
The operative time of laparoscopic-assisted
aneurysmectomy was longer than that for open
aneurysm repair, and the cross-clamp time was also
longer. This added physiologic stress does not
appear to increase mortality or morbidity rates in
patients that are at good or moderate risk (ASA class
III or lower). The aortic cross-clamp time decreased
as experience was gained with this procedure,
improving from a mean of 146 minutes (range, 60-
286 minutes) in the first 20 patients to a mean of 95
minutes (range, 43-165 minutes) in the last 24
patients. Auto-suture devices offer the possibility of
further decreasing the cross-clamp time and the total
time of the procedure, if they can be used laparo-
scopically. No difference in estimated blood loss
between the two procedures was shown by means of
our results.
Major complications of laparoscopic-assisted
aneurysmectomy that can be attributed to technical
error were aortic anastomotic bleeding requiring
reoperation, graft limb thrombosis, and ureteral
injury. Experience with this procedure should
decrease the risk for such complications. A uniform
risk-scoring method such as the physiological and
operative score for the enUmeration of mortality
and morbidity would have to be used for a more
meaningful evaluation of the comparison of out-
comes in this report.7-9
Our experience with groin wound complications
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led us to a preference for aortobi-iliac bypass grafting
over aortofemoral procedures. Aortobi-iliac bypass
grafting was carried out in 39 of 40 patients who
were operated on after the first 20 aortobifemoral
reconstructions. A single patient was converted to an
open procedure and received a tube graft, requiring
an extension of the retroperitoneal incision.
Other authors have reported on the application
of laparoscopic techniques to aortic surgery.10-13
Prior training is necessary to obtain the required
level of expertise needed to perform these proce-
dures. Our results comprise a relatively large series of
patients and indicate that laparoscopic-assisted
aneurysmectomy is a good procedure for patients
who are at a moderate risk, providing a decreased
length of stay, a decreased need for ventilatory sup-
port, an earlier resumption of diet, and an earlier
return to normal activity. An increase in complica-
tion-free survival can be expected as more experi-
ence is gained with this technique. Further improve-
ments in the reduction of operative and cross-clamp
times may occur with the development of auto-
suture instruments. With these caveats, our study
results suggest that laparoscopic-assisted aortic
aneurysmectomy is appropriate for candidates who
are at moderate to good operative risk (ASA class III
or lower), who meet the standard criteria for
aneurysm resection, and in whom a proximal
aneurysm neck of 0.5 cm or larger and no need for
visceral or internal iliac artery reconstruction are
demonstrated by means of a preoperative CT scan
and biplane arteriography. A prospective random-
ized comparison of laparoscopic-assisted aneurys-
mectomy to a standard technique of aneurysm resec-
tion would be required to confirm the benefits of
this procedure.
We thank the members of the External Review Panel,
Drs H.L. Bush, M. Adelman, and J. Buda, for their advice
and assistance.
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